Indole 3-acetic acid (IAA) was analyzed in apple, orange, and prune tissue by GC-MS by monitoring the protonated molecular ion of its methyl ester at mass to charge ratio (m/z) 190 together with the major fragment ion at m/z 130 and the corresponding ions from the methyl esters of either 12H4JIAA (m/z 194, 134) or I2HS5IAA (m/z 195, 135).
A tenet of modern plant physiology is that growth and differentiation are coordinated by the interplay of phytohormones, and there has been massive investment in research on endogenous levels ofauxins, gibberellins, cytokinins, ABA, and ethylene in relation to plant morphogenesis and in relation to the responses ofplants to the environment. Most studies have involved separate determinations of the individual hormonal compounds and reports in which two or more classes of phytohormones are measured in the same extract are few. When there are no limitations on availability of the tissues of interest, phytohormone analyses on a 'one-at-a-time' basis are, of course, perfectly satisfactory, but experimental work with isolated apices or tissue cultures involves small amounts of tissue and the labor involved in obtaining samples for analysis is usually considerable. In these circumstances it is highly desirable that as much information as possible be obtained from each extract. Hitherto, analytical methods were generally inadequate for simultaneous determinations of trace amounts of different phytohormones, but this limitation has been overcome with the advent of GC-MS-SIM' which makes determinations possible at the picogram level.
The method to be described here, for simultaneous quantitation by GC-MS-SIM of free IAA and free ABA in small samples (0.1-0.5 g dry weight), arose from research on morphogenesis in tissue cultures and intact plants of apple (9, 13), prune (1), and 'Abbreviations: GC-MS-SIM, gas chromatography-mass spectrometry-selection ion monitoring; Me-IAA, methyl ester of IAA; Me-ABA, methyl ester of ABA; MH+, protonated molecular ion; m/z, mass to charge ratio. citrus (10). Of the few methods available for simultaneous measurement of IAA and ABA (2, [4] [5] [6] 8, 11) none was suitable for our purposes. Those based on chromatographic procedures alone (2, 5, 8, 11) require extensive purification of extracts and lack the specificity of GC-MS. Published methods involving GC-MS (4, 6) are primarily qualitative in nature and do not include use of deuterated internal standards and calibration curves. These methods lack the necessary precision for quantitative work. Accordingly, it was decided to modify a currently used quantitative GC-MS assay for ABA (12) to enable IAA to be measured in the same extract. IAA (purchased from MSD Isotopes, Montreal, Canada). The slurry was centrifuged (2 min) and the supernatant was retained.
MATERIALS AND METHODS
The pellet was reextracted with 70% acetone and centrifuged and the combined supernatants were then evaporated to the aqueous phase under a stream of N2. The pH of the aqueous phase was adjusted to 8.5 with a freshly prepared half saturated solution of NaHCO3. This alkaline aqueous extract was then washed (twice) with ethyl acetate and the organic phase, containing pigments, was discarded. The remaining aqueous solution was acidified (pH 2.5) with 1 N H2SO4 and extracted (2 x 5 ml) with ether. The ethereal extracts were combined and reduced to dryness (45°C) under N2. The dry residue was dissolved in 10% (v/v) methanol in diethylether and was methylated by reaction with freshly prepared diazomethane as described by Rajasekaran et al. (12) (0, 5, 10, 20, 40, 80, 160 , and 320 ng) were placed in centrifuge tubes, the deuterated standards were added and the resulting mixtures were extracted in the same way as the plant extracts. Estimates of precision at high and low concentrations of IAA and ABA in the standards were obtained by replicate extraction and analysis of both 5 and 18e.0. The protonated molecular ion peaks of Me-IAA and Me-(2H4)IAA or Me42H5)IAA were used for quantitation. As an additional check on specificity the fragment ions at m/z 134 or 135 were also monitored. The ratio of fragment ion abundance to protonated molecular ion abundance for each compound was used to ensure that there was no interference from other species which might give ions at these masses. The ratios were usually within ±5% of the mean value obtained from the calibration standards. Samples having values outside these limits were discarded.
Analysis of ABA was carried out as described previously (12) except that in the present work two fragment ions were monitored for ABA (m/z 247 and 261) and (2H3)ABA (m/z 250 and 264). The ratios of these ions were used as detailed above to ensure that there was no interference from other co-eluting compounds.
Calibration curves for the range 5 to 320 ng showed excellent linearity; typical data are given in Table I . Variations in calibration data were small and the same calibration curve could be used for several days. Nevertheless, a new calibration curve was prepared each day samples were to be run. Recoveries based on comparisons of extracted and nonextracted standard solutions were approximately 60% for IAA and 80% for ABA. These high recoveries were achieved by ensuring that all glassware coming into contact with samples was thoroughly silanized without the need to filter solvents through cotton fibers (3). Up to 30 plant extracts could be analyzed in a day.
The use of a bonded phase fused silica capillary column gave an approximately 10-fold increase in sensitivity for ABA (detection limit 10 pg) compared to that obtained on the packed columns used previously (12), as a result of greatly improved peak shape. Me-IAA showed an even greater improvement in chromatographic properties on the capillary column and 1 pg was easily detectable. These detection limits could not be achieved in practice, however, due to interference by other coeluting compounds present in the plant extracts. For both IAA 100.6-50.6-e 
